Objective: This study sought to compare patients with thyroid eye disease (TED) and normal controls with respect to the expression of the NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1 genes in orbital fat (OF) and extraocular muscle (EOM). Design and methods: A prospective study design was used to evaluate 34 TED patients and 38 healthy controls. OF was harvested from 33 TED patients and 27 controls. EOM biopsies were obtained from 32 TED patients and 18 controls. Samples were examined by real-time PCR and evaluated using appropriate statistical analyses with a significance cut-off of P < 0.05. Results: NR3C1 mRNA levels were higher in TED EOM (median 213 (96-376)) than those in control EOM (78 (34-138)) (P < 0.001), and NFKB expression was elevated in TED muscle (223 (31-520)) relative to that in control muscle (8 (6-31)) (P < 0.001). HSD11B1 expression was higher in TED EOM (0.78 (0.47-2.01)) than that in control EOM (0.22 (0.09-0.51)) (P < 0.001). Levels of CHUK, IKBKB, and FOS were higher in TED EOM (115 (20-223), 111 (54-299) and 0.11 (0.03-0.19), respectively) than those in control EOM (5.8 (2-13), 21 (5-52) and 0.05 (0.001-0.03) respectively) (P < 0.001). Conclusion: Tissues involved in GO exhibited different mRNA levels of NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1. Gene expression in OF was similar for TED patients and controls. CHUK, IKBKB, FOS, NFKB, and HSD11B1 mRNA levels were higher in TED EOM than those in control EOM. NFKB was disproportionally elevated compared with NR3C1; this finding was indicative of a local proinflammatory profile.
Introduction
Graves' orbitopathy (GO) is an organ-specific autoimmune disease that is characterized by increased extraocular musculature, connective tissue of the orbit and adipose tissue (1, 2) . GO affects 25-50% of Graves' disease patients and is the most significant extrathyroidal manifestation of this condition (3, 4) .
GO is caused by inflammation in the orbital tissues and fibroblast proliferation secondary to abnormal cellular autoimmune responses characterized by CD4+ and CD8+ T cell infiltration and expansion (5, 6) and excessive production of IL-1, IL-6, RANTES, IL-8, interferon-γ and TNF-α, which promote fibroblast proliferation and differentiation (7) . There are phenotypic and functional differences between fibroblasts of orbital muscle and adipose tissues (8, 9) .
The phenotypic difference between fibroblast subpopulations is based on the expression of the surface glycoprotein Thy-1 (CD90) (8) . Thy-1-overexpressing orbital tissue induces fibroblast secretion of the cytokines IL-4, IL-5, IL-10 and TNF-α; prostaglandin E2; hyaluronan and other hydrophilic substances such as glycosaminoglycan (10, 11) . Adipogenesis is induced by cigarette smoke and prostaglandin D2 (secreted from active T cells), which drives the differentiation of peroxisomal proliferator-activated receptor-γ (PPAR-γ) and IL-1 (12) .
Depending on the exposure to TGF-β, fibroblasts can differentiate into adipocytes or muscle cells. Fibroblasts in the EOM are primarily Thy-1 positive, and most fibroblasts in adipose tissue are Thy-1 negative and are poised to become mature fat cells (13, 14, 15) . Thus, based on the inflammation profile, the timeline of the disease and the presence of factors such as CD90, orbital disease is categorized as having either a muscle or a fat predominance.
GO progresses through several stages of inflammation, first with a typical Th1 response and later with a Th2 response (16) . The dynamics of the autoimmune response and the predominant cytokine profile determine the proliferation of fibroblasts and adipogenesis vs ongoing and progressive fibrosis, which is characterized by increased numbers of myofibroblasts. Recent findings have indicated that Th17 cells are involved in the active and/or fibrotic phases of orbital disease (17) ; such cells are T cells that produce IL-17A, which promotes inflammatory cytokines and extracellular matrix accumulation (18) .
Therefore, other immune factors are likely to be involved in these processes, such as glucocorticoid receptor (NR3C1), nuclear transcription factor-kB (NFKB), inhibitor of kB (IKBKB), inhibitor of kappaB kinase (CHUK) and activator protein-1 (FOS), which mediate proinflammatory responses and cell growth, proliferation and survival (19, 20, 21) .
There are several mechanisms of NFKB activation. In the canonical pathway, NFKB is sequestered in the cytoplasm by IKBKB (22, 23) . When cells receive a proinflammatory signal, the IKK complex activates and phosphorylates IKBKB, promoting degradation of the complex. After release from its cytoplasmic constraints, NFKB translocates into the nucleus, where it binds to specific target sequences. Thus, the activation of NFKB and FOS induce the transcription of cytokines, chemokines, adhesion molecules, enzymes and other inflammatory mediators (24, 25) . NR3C1 is also likely to be involved in GO by decreasing the production and release of proinflammatory cytokines comprising primarily TNF-α, IL-1, IL-2 and IL-6 (26, 27) .
The study by Tomilson et al. (28) examined the influence of HSD11B1 and NR3C1 on adipogenesis in GO patients and reported higher mRNA expression levels in fat tissue. Their main objective was to demonstrate that HSD11B1 activity and cortisol bioavailability are crucial for the differentiation and proliferation of preadipocytes and de novo adipogenesis depending on the inflammatory profile in the orbital microenvironment. In that study, muscle tissue expression of NFKB, CHUK, IKBKB, NR3C1 and HSD11B1 were not reported.
In the present study, we examined the expression of NR3C1, CHUK, IKBKB, NFKB, FOS and HSD11B1 in both orbital fat (OF) and extraocular muscle of patients with GO.
Subjects and methods

Sample and selection criteria
The sample group comprised 34 individuals with GO and 38 controls without Graves' disease or ocular inflammatory disease who were evaluated from March 2010 to November 2013.
Selection of patients with GO
Patients in the GO group satisfied the diagnostic criteria for GO established by (29) . These criteria specify the presence of palpebral retraction accompanied by not only thyroid dysfunction detected by the measurement of TSH, free T4, T3, total T4 and TRAb but also exophthalmia (defined as a Hertel exophthalmometry measurement ≥20 mm as the majority of patients were Caucasian), optic nerve dysfunction or extraocular muscle involvement, such as via restrictive myopathy or an increase in extraocular muscle, as revealed by orbital computed tomography.
All the candidates in the GO group underwent a complete ophthalmological evaluation and were classified based on disease activity according to the CAS (clinical activity score) and NOSPECS (Werner's classification) (30, 31) . The current grading systems used to assess GO are the VISA (vision, inflammation, strabismus and appearance) and European Group of Graves' Orbitopathy (EUGOGO) classification systems.
Both systems are grounded in the NOSPECS and CAS classification approaches and use indicators to assess signs of activity and degrees of severity. Coronal and axial computerized tomography of the orbits was performed to evaluate the orbitopathy and to plan for surgery.
We selected individuals who were classified as Werner 3, 4 and 5, which is indicative of surgical decompression of the orbit, and with a CAS of 0 to 2 (i.e. those without clinically active disease and not requiring corticotherapy prior to surgery). During the orbit decompression procedure, EOM and OF samples were collected.
Subclassification of the GO group
GO individuals with a CAS ≤2 (fibrotic orbitopathy) were subdivided into subtype 1, which was predominantly lipogenic without diplopia, and subtype 2, which was predominantly myogenic with restricted extraocular motility and diplopia within 20° of the primary gaze on clinical examination according to Nunery's classification. All subtype 2 patients showed an increase in the extraocular musculature on tomography.
Selection of control patients
Controls were recruited spontaneously and fulfilled the following requirements upon examination: negative family history (first-degree kin) for GD or other autoimmune thyroid diseases, TSH and free T4 levels in the normal reference range, no diagnostic criteria for GO and positive indications for an ocular surgical procedure such as evisceration due to painful blind eye, planned elective blepharoplasty or correction of strabismus.
The control group comprised 11 patients who had undergone evisceration of a painful blind eye, from whom muscle (right lateral) and fat were obtained; 20 blepharoplasty patients, from whom fat was collected and 7 patients who had undergone correction of strabismus, from whom only muscle was collected.
Exclusion criteria
The exclusion criteria were glucocorticoid use during the preceding 3 months, prepubertal status, an uncertain diagnosis and an ocular inflammatory condition or history of chronic inflammatory disease.
Ethical approval
This prospective study was conducted after approval by the institutional ethics committee. Signed informed consent was obtained from all patients.
Laboratory methods
RNA extraction
The fat and muscle biopsy samples were placed in 2-mL Eppendorf tubes, containing 750 µL RNA Later (AMBION) and stored at -80°C. RNA was extracted using the RNeasy Lipid Tissue Mini Kit (Qiagen) following the manufacturer's instructions.
Reverse transcription
RNA was diluted in 50 µL GIBCO ultrapure water (Life Technologies catalog# N 8080234) and subjected to reverse transcription using TaqMan Reverse Transcription Reagents.
Real-time PCR
NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1 mRNA levels were measured by real-time PCR using an ABI 7500 system (Applied Biosystems). All reactions were performed in duplicate with specific primers that had previously been standardized by our group. Values are presented as expression units and were normalized relative to the expression of the control gene BCR.
Statistical analysis
Statistical analyses were performed using Minitab 15 (Minitab, State College, PA, USA) and SigmaStat v3.5 (SPSS), and P < 0.05 was considered significant. Categorical and qualitative variables were compared using a χ 2 test and Fisher's exact test respectively.
Continuous variables between groups were compared using the t-test or the Mann-Whitney test, depending on the normality of the data distribution as determined by the Kolmogorov-Smirnov test. The relationship between 2 continuous variables was established using the Pearson test. Outliers were defined by a Cook's distance >4.
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Results
The mean ± s.d. age of the patients was similar between groups (47.3 ± 11.5 years in the GO group and 50.4 ± 16.3 years in the control group) (P = 0.362), as was the gender distribution (P = 0.393). The mean ± s.d. age of the type 2 GO patients (50.4 ± 10 years) was higher than that of the for type 1 patients (41.1 ± 12 years) (P = 0.026). The female:male ratio observed in GO type 1 lipogenic and GO type 2 myogenic patients were 70:30% and 40:60% respectively. Despite the proportion of males seems to be higher in type 2 myogenic group, statistical analyses did not reach significance (Z-test of two proportions; P = 0.228).
The median duration (months) of follow-up from the diagnosis of GO for subtypes 1 (23, 16.25-38.50 ) and 2 (25, 13.25-46.5) did not differ (P = 0.659). During clinical follow-up, 41% of the patients were in subclinical hyperthyroidism, 14% were in clinical hyperthyroidism, 31% in euthyroidism and 14% in biochemical hypothyroidism at the last evaluation before the orbital decompression. In all cases, adjustments were made in the antithyroid drug or in the levothyroxine dosage when hypothyroidism resulted from a thyroidectomy procedure or after radioiodine therapy.
All patients in hyperthyroidism were treated with antithyroid drugs as the first line of treatment. Eleven (33%) patients underwent definitive treatment with radioiodine therapy and the time between the dose of radioiodine and the surgical procedure of the orbit was 4 (12%) of the patients underwent thyroidectomy, 17 (55%) patients were treated exclusively with antithyroid drugs.
NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1 expression levels in muscle tissue were elevated in the GO group vs the control group. The expression levels did not differ in OF tissue ( Table 1) .
The expression ratio of NR3C1/NFKB in OF was similar in the two groups, but it decreased in the EOM of the GO group because of an increase in NFKB expression in the muscle tissue of GO patients (Table 2) .
A similar expression ratio of NR3C1/HSD11B1 in the EOM and fat tissue was observed in GO patients compared to controls (Table 2) .
We also tested whether the Nunery classification (GO subtypes 1 and 2) correlated to a specific expression profile of NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1. In muscle and fat tissue, there were no significant differences with regard to the GO subtype, excluding FOS expression, which was increased in muscle from GO patients compared with controls (Table 3) .
Discussion
We examined the mRNA expression levels of NR3C1, CHUK, IKBKB, FOS, NFKB and HSD11B1 in the EOM and OF tissue of GO patients during a clinically inactive period of the disease and at a distinct point of clinical inflammation in the classical model of GO based on the Rundel curve (32) .
NR3C1, CHUK, IKBKB, FOS and NFKB were upregulated in the EOM of GO patients compared with controls. Although both values were elevated, the decreased relative expression of NR3C1/NFKB ratio in EOM resulted from the increased NFKB expression observed in GO patients. This scenario might occur during the late phase of GO, during which a full inflammatory response could occur at the molecular level in association with the downregulation of NR3C1. Therefore, the glucocorticoid sensitivity might depend on the balance between NR3C1 expression and the concentration of inflammatory mediators such as NFKB and FOS. The natural history of orbitopathy starts with an inflammatory phase that is characterized by classical phlogistic signs such as chemosis, hyperemia and pain, which are not always recognized by the patient. After this phase, orbital diseases tend to improve, with a regression of many symptoms as the fibrotic phase begins. The patients in the present analysis presented the fibrotic phase of disease, as suggested by a CAS score less than 2 and a lack of clinical activity.
The study by Tomilson et al. (28) reported an upregulation of IL-1β, IL-6, TNF-α and other cytokines in adipose tissue from the orbit, indicating persistent, albeit clinically unapparent, inflammation. The elevated levels of NFKB in EOM observed in our patients are in accordance with previous observations. Due to persistent local inflammation and elevated NFKB levels, NR3C1 levels increase to control or mitigate the inflammation, allowing greater binding of endogenous cortisol. Additionally, the local cortisol concentration increases as a consequence of the conversion of cortisone to cortisol mediated by the increased local activity of HSD11B1. Regarding fat tissue, our results differed from those reported by Tomlinson.
The GO group in the present analysis was predominantly myogenic (67.6%) (i.e., subtype 2), with few cases classified as lipogenic (subtype 1). Unexpectedly, the expression ratio of NR3C1/NFKB did not differ in relation to the Nunery classification subtypes, although a difference in c-Fos expression was detected.
The persistent inflammation that occurs in GO could be explained by an imbalance in the crosstalk between the NR3C1 and the NFKB pathway. The expression of NR3C1 and HSD11B1 increased, but NFKB activation predominated, resulting in a lower NR3C1:NFKB ratio in GO patients. The anti-inflammatory function of NR3C1 could be reduced in the orbital compartment, which was filled with differentiated fibroblasts and, in particular, in the inflammatory environment consisting of elevated levels of profibrotic cytokines (33) .
NFKB activation involves diverse mechanisms. Inflammatory cytokines, such as TNF-α, stimulate NFKB (canonical pathway) by modulating the IKK complex, generating phosphorylated IKBKB and allowing NFKB to dimerize, translocate to the nucleus and regulate inflammatory gene transcription. This process perpetuates the inflammation via the persistent production of cytokines (IL-6, TNF-α and IL-1β) and chemokines (RANTES, IL-8) (22, 23, 34) .
Orbital fibroblasts expressing CD40 and CD4+ T cells expressing CD154 (CD40 ligand) bridge and interact, similar to the costimulation that occurs between an antigen-presenting cell and a T cell (35) . This bridge (CD40-CD154) stimulates orbital fibroblasts to proliferate and produce additional IL-1 and Il-6 (36, 37) and induces the secretion of additional interferon-γ and TNF-α by T cells, eventually resulting in the elevated production of hyaluronan and prostaglandin E2, which contribute to the development of orbital disease (15) .
The alternative pathway (non-canonical pathway) of NFKB activation is initiated by the CD40 ligand on T cells (37, 38) . Thus, we assume that the IKK-NFKB complex, through the canonical and non-canonical pathways, mediates fibroblast proliferation, activation and differentiation, and we have shown that FOS mRNA is highly expressed in the muscle of GO patients with the myogenic disease subtype. In the inflammatory pathway, FOS exists primarily in the FOS/Jun dimer, regulating growth factors, apoptosis, cell proliferation and differentiation (39) .
At present, we cannot offer an adequate explanation for the absence of inflammatory mediators in the OF from GO patients. One possible mechanism is that our findings are representative of a select group of patients representing a specific moment in the time line of GO at which orbital decompression can be performed. Our patients predominantly represented the myogenic type (subtype 2) of GO, in which orbital fibroblasts develop an exaggerated reaction compared with adipocytes (14) , as identified by the elevated expression of CHUK, IKBKB, NFkB and FOS, similar to other autoimmune diseases. OF can initially exhibit robust inflammation in response to fibroblast differentiation; however, during the later stages of GO, when adipocytes are smaller and less differentiated (40) , adipogenesis is likely to be less intense, with reduced HSD11B1 activity (although HSD11B1 remains overexpressed), lower cortisol bioavailability and elevated expression of the profibrotic cytokines TGF-β, IL-6, TNF-α and IL-1β (36, 41) . In this context, orbital inflammation is perpetuated by increased expression levels of IKK-NFKB, FOS, TNF-α and IL-1β acting in a paracrine and autocrine manner to regulate NFKB (42, 43) .
In the present study, during the late phase of disease, in which myofibroblasts predominate, profibrotic cytokines inhibit adipogenesis but perpetuate molecular inflammation, inducing increased expression of CHUK, IKBKB, NFKB and FOS, and the crosstalk with GR leads to a phase that is less responsive to glucocorticoids.
An important limitation of our study was the lack of TRAb values of some patients in particular for patients who underwent radioiodine therapy when elevation of TRAb may worsen inflammation of the orbit and may influence the expression of inflammatory genes such as those studied in our work. Another important limitation is that RNA studies does not necessarily reflect the protein expression, but we believe that this molecular study brings new information about fibroblast behavior in the fibrotic phase of GO.
We have demonstrated that the CHUK-NFKB pathway and FOS are the most important mediators of the inflammatory response involved in GO (Fig. 1) . Therefore, glucocorticoids and other drugs should not be delayed under any circumstance because they constitute the best treatment for GO. Another potential implication of our results relates to the use of glucocorticoid prophylaxis at the new onset or activation of GO in Graves' thyrotoxicosis after radioiodine therapy; newonset GO occurs in up to 15% of patients with Graves' disease despite the absence of any signs of GO after radioiodine treatment (44) . Our observation of chronic inflammation of the orbit may be involved in new-onset GO after radioiodine treatment or in active GO during periods that are expected to exhibit less inflammatory activity, particularly the fibrotic phase.
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